The inhibitive effect of date extract on the corrosion of Carbon steel in 1M HCl solution has been investigated by weight loss measurement, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) techniques. The presence of this extract reduces remarkably the corrosion rate of mild steel in acidic solution. The inhibition efficiency was found to increase with increasing inhibitor concentrations due to the adsorption of the inhibitor molecules on the metal surface, this adsorption follows Langmuir's adsorption isotherm. The inhibition efficiency was found to be 85.84% at 1.5V/V% in 1M HCl.
INTRODUCTION
Acidic media are widely used in industries, with important fields of application including acid pickling of iron and steel, chemical cleaning and processing, ore production and oil well acidification. Among acidic media, the hydrochloric acid used in the pickling of metals, the acidification of oil wells and the cleaning of scales are more economical, efficient and straightforward compared to other mineral acids. 1 The use of inhibitors is one of the most practical methods for steel protection against corrosion and prevention of unexpected metal dissolution and acid consumption, especially in acid solutions.
A number of organic compounds have been reported as effective corrosion inhibitors [2] [3] [4] . But, most of them are highly toxic to both human being and environment. Currently, research in corrosion is oriented to the development of "green corrosion inhibitors", compounds with good inhibition efficiency but low risk of environmental pollution [5] [6] . Plant extracts are viewed as an incredibly rich source of naturally synthesized chemical compounds that can be extracted by simple procedures with low cost and are biodegradable in the environment.
Recently, several studies have been carried out on the inhibition of corrosion of metals by plant extract, Eugenol and Acetyleugenol 7 , Hibiscus subdariffa 8 28 , fruit peel 29 and Natural honey 30 , have been found to be very efficient corrosion inhibitors.
The aim of this study is to investigate the inhibition effect of date extract as a cheap, raw and non-toxic corrosion inhibitor on steel corrosion in hydrochloric acid. The electrochemical measurements were carried out to evaluate the inhibiting efficiency. In addition, the effect of the temperature on inhibition behaviour of the inhibitor was also studied.
EXPERIMENTAL Preparation of date extract
The dates are collected from the palm groves of Biskra region (south Algeria), are first washed in distilled water under room temperature, then immersed in boiling distilled water during 100 minutes under mechanical agitation.
The weight ratio dates/water is 1 kg/4 kg, at the end of this process; juice was separated by filtration under pressure. The recovered extract has a light brown colour and a volume of about 1,5litres.
The experimental solution was concentrated by evaporation of water excess for 1 hour. The final extract volume is 0.5 l of a viscous, dark brown coloured product.
The concentrations used are: 0.05, 0.1, 0.4, 0.7, 1, 1.2 and 1.5 V/V%.
Samples
Working electrodes were prepared from carbon steel specimens with a w % composition: (0.159% C; 0.0173% If; 0.376% Mn; 0.00305% P; 0.0791% Al; 0.00607% Cr; 0.0073% S; 0.0165% Cu; 0.00151% Ti; 0.00475% V; 0.0011% Sn, 0.00198% Ni and 99.33% Fe).
Samples were polished using different emery paper with 120 up to 1000 grade degreased with acetone, rinsed with double-distilled water then dried at room temperature.
The areas of working electrodes were 1 cm 2 for all electrochemical experiments.
Solution 1M HCl was used for all experiments.
Weight loss measurements
Carbon steel samples of dimensions 1cm x 1cm x 0.1cm, were prepared and cleaned as described elsewhere and immersed in the experimental solutions with and without date extract. Time duration of experiments were optimized and conducted for 24 hours at 20°C.
The inhibition efficiency was obtained using the Eq (1):
Where V and V inh are the values of corrosion rate without and with inhibitor, respectively.
The corrosion rate (V) is calculated by the following Eq (2):
Where Δm is the average weight loss (mg), S the specimen area (cm 2 ), and t is immersion time (h).
Electrochemical measurements

Open circuit potential measurement
The open-circuit potentials (OCP) were recorded as a function of time, 50 minutes corresponding to the stabilization of the system.
Potentiodynamic polarization measurements
The dynamic polarizations were conducted in a potentiostat/galvanostat e-mail : moussaoui.naima@yahoo.fr EG&G 273A type. A three electrodes arrangement was used for electrochemical studies: a platinum electrode as a counter-electrode, a saturated calomel electrode (SCE) as a reference electrode and carbon steel as working electrode.
All the experiments were performed at 20°C. Potentiodynamic polarization curves were plotted at a polarization scan rate of 0.5 mV/s. Before all experiments, the potential was stabilized at free potential during 50 min.
The inhibition efficiency was calculated using Eq (3):
the blank is higher in comparison with the blank containing date extract. The addition of 0.05V/V % date extract into the aggressive medium reduces this corrosion rate by 54.97 % and reaches 78.07 % at 1.5V/V %. The inhibition efficiency of date extract increase as function of its concentration. This result suggests that an increase in extract concentration increases the number of inhibitor molecules adsorbed onto the steel surface and reduces the surface area that is available for the direct acid attack on the metal surface 28 .
Where I corr and I (corr inh) (µA/cm 2 ) are respectively a corrosion current density in the absence and in the presence of inhibitor.
Electrochemical impedance measurements
Electrochemical impedance spectroscopy (EIS) measurements were carried out using ac signals of amplitude 5 mV peak to peak in the frequency range of 100 kHz to 20 mHz for 50 min open circuit potential.
The Nyquist representation showed the results.
The charge transfer resistance values (R ct ) were calculated from the difference in impedance at lower and higher frequencies. To obtain the doublelayer capacitance (C dl ), the frequency relative to the maximum imaginary component of the impedance (-Z imax ) is found out, and C dl values were obtained from the Eq (4): (4) The inhibition efficiency was calculated, using Eq (5):
Where R ct,0 and R ct (Ω.cm 2 ) respectively represent the values of the charge transfer resistance in absence and in the presence of the inhibitor.
Surface Examination Studies
Surface examination of carbon steel specimens in the absence and presence of the optimum concentration of the extract immersed for 24 h at 20°C was studied using JEOL JSM-6100 Scanning electron microscope (SEM) with the magnification of 1000x specimens.
RESULTS AND DISCUSSIONS
Weight loss measurements
Table1 gives the results of weight loss measurements in the absence and presence of different concentrations of extract. From the weight loss results, it's clear that the corrosion rate of steel in At t=0 potential depends on date extract concentrations, potential shifts to positives values for higher concentrations.
At t≠0 the potential shifts to the anodic (noble) region indicating the formation of a passive film on the metal surface, and that due to the adsorption of natural compounds on the surface of the metal , for concentration of 1.5V/V% the potential E= -0.42(V/ECS). Fig. 3 shows the Tafel plots of Carbon steel in 1M HCl solution containing various concentrations of date extracts at 20°C. The corrosion parameters including corrosion current densities (i corr ), corrosion potential (E corr ), cathodic Tafel slope (b c ), anodic Tafel slope (b a ) and inhibition efficiency (E %) are collected in Table 2 . Table 2 . Electrochemical parameters of carbon steel in 1M HCl with various concentrations of date extract at 20°C. From inspection of Table 2 it was found that corrosion current density decreased (from 419.1 to 59.31 μA cm -2 ) with increasing concentration of inhibitor and attained minimum value for highest concentration used in study, probably due to adsorption of organic compounds from the extracts at the active sites of the electrode surface. This action might have hindered both metallic dissolution and hydrogen evolution reactions, and consequently slowing the corrosion process 29, 31 . The decreased current densities were more pronounced with increases in inhibitor concentration, for both extracts. It is also evident from Table 2 that addition of inhibitor shifted corrosion potential Ecorr in anodic direction which indicated that adsorption of inhibitor was more successful at anodic sites than cathodic sites 32 . But Tafel slope values b a and b c were not with affected significantly in inhibited solution as compared to uninhibited solution. Inhibition efficiency obtained from polarization was found maximum (85.84 %) at 1.5V/V% inhibitor concentration.
Potentiodynamic polarization measurements
Concentration Of date extract (V/V%) E corr (mV/ECS) b c (mV/dec) b a (mV/dec) i corr (µA/cm 2 ) E (%) Ө
Electrochemical impendence spectroscopy (S.I.E.)
The electrochemical impedance diagrams for carbon steel immersed in 1M HCl solution without and with addition of different concentrations of date extract are shown in fig. 5 . It can be seen from Fig. 5 , impedance diagrams show a semi-circular appearance, indicating a charge transfer process mainly controls the corrosion of steel 32 . The electrochemical impedance parameters derived from these investigations are mentioned in Table 3 . From the impedance data, we notice an increase of the charge transfer resistance and decrease of the double layer capacitance with increasing inhibitor concentration. This phenomenon is generally related to the adsorption of organic molecules on the metal surface and then leads to a decrease in the local dielectric constant and/or an increase in the thickness of the electrical double layer indicate that date extract inhibits the corrosion of carbon steel by an adsorption mechanism 33 .
Adsorption isotherms
Adsorption isotherms are very important to understand the mechanism of inhibition corrosion reactions. The most frequently used isotherms are Langmuir, 34 Frumkin 35 and Temkin
36
. The Langmuir isotherm (C/θ vs C) assumes that there is no interaction between adsorbed molecules on the surface. The Frumkin adsorption isotherm (θ vs C) assumes that there is some interaction between the adsorbates, and the Temkin adsorption isotherm (θ vs lgC) represents the effect of multiple layer coverage 37 .
The dependence of the fraction of the surface covered θ obtained from Tafel extrapolation at 20°C as function of date extract concentration (C inh ) and was graphically fitted for various adsorption isotherms. Fig. 7 shows the dependence of θ as function of the logarithm of date extract concentration. The curve obtained clearly shows that the data fit well with Langmuir adsorption isotherm and, it was found to be the best description of the adsorption behavior of the studied inhibitor, which obeys: 
(6)
C inh is the inhibitor concentration; θ is the fraction of the surface covered, b is the adsorption coefficient. 
Effect of temperature on corrosion inhibition
The effect of temperature on the corrosion behavior of steel in 1M HCl containing inhibitor at a concentration 1.5 V/V % is studied in the temperature range 20-60 °C. This evolution shows a displacement of the potential to the more negative values with the increase of temperature indicating the desorption of inhibitor.
Open circuit potential measurement
Potentiodynamic polarization measurement
The effect of the temperature on the different corrosion parameters E corr , i corr and E (%) was studied in 1M HCl at temperature ranging from 20 to 60 °C and for 1.5 V/V % of date extract (Fig. 9) . The values of associated electrochemical parameters are given in Table 4 . It is seen from table 4 that, as the temperature increase, corrosion current density increase. Inhibition efficiency of this date extract decrease with the increase in the temperature from 85.84% at 20°C to 64.29% at 60°C This phenomenon is due to the desorption of the some molecules from the carbon steel surface by increasing the temperature 38 .
Electrochemical impendence spectroscopy measurements (S.I.E.)
The Nyquist representation of the impedance behaviour of carbon steel immersed in 1M HCl solution in the presence of 1.5 V/V% of date extract at different temperatures is represented in fig. 10 . Examination of Table 5 revealed that, as the temperature increased, the values of C dl increase. Also, the temperature rise leads to a decrease of R ct values. This is due on one hand to the increase of the rate of metal dissolution, and on the other hand to the shift of the adsorption/desorption equilibrium towards the extract's desorption and hence to the decrease of surface coverage degree. The values of inhibition efficiency decrease with temperature increase 39 .
Surface examination
SEM micrograms of polished surface of carbon steel without immersion and exposed for 24 hours in 1M HCl solutions in absence and presence of 1.5 V/V% of date extract were shown in figure 11(a)-(c) . In comparison of SEM micrograms in absence and presence of the extract, there was a rough surface on carbon steel in absence of the extract. There was a smooth surface with deposited extract on it in presence of the extract 40 . This result supplements the results of electrochemical techniques and confirms that the date extract inhibited corrosion of carbon steel through adsorption of the inhibitor molecules on metal surface. 
CONCLUSIONS
Carbon steel corrosion in acid was found considerably retarded in presence of date extract. Results obtained by various techniques were in good connection and maximum efficiency of 85 % was acknowledged for highest inhibitor concentration used in the study, the open circuit potential-times studies showed that dates extract acts as an anodic-type, Electrochemical polarization study and impedance spectroscopy showed that the inhibition efficiency of carbon steel in 1M HCl increased with increasing the concentration of the date extract and decreases with increasing temperature. The inhibition efficiency obtained via electrochemical measurements is in good agreement with that obtained by using the weight loss method. The adsorption of the inhibitor on the mild steel surface in HCl medium obeys Langmuir's adsorption isotherm. SEM examination of the electrode surface confirmed the existence of such adsorbed film.
